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$<FHO2GDEDúÕ&ROORTXLXP6HULHV
UG,QWHUQDWLRQDO0HHWLQJRQ3URJUHVVLQ3URSHOOHU&DYLWDWLRQ
$QGLWV&RQVHTXHQFHV([SHULPHQWDODQG&RPSXWDWLRQDO0HWKRGVIRU3UHGLFWLRQV
WK±WK1RYHPEHU,VWDQEXO7XUNH\

&RUUHVSRQGLQJDXWKRUHPDLO1RUL\XNLVDVDNL#VWUDWKDFXN


,QYHVWLJDWLRQLQWRWKHSURSXOVLYHHIILFLHQF\FKDUDFWHULVWLFVRIDVKLSZLWK
WKH*$7(58''(53URSXOVLRQV\VWHP
16DVDNL0$WODU

'HSDUWPHQWRI1DYDO$UFKLWHFWXUH2FHDQDQG0DULQH(QJLQHHULQJ8QLYHUVLW\RI6WUDWKFO\GH*ODVJRZ*/=8.

)ROORZLQJ WKH ILUVW VXFFHVVIXO DSSOLFDWLRQ RI WKH *DWH 5XGGHU SURSXOVLRQ V\VWHP RQ D *7 FRQWDLQHU VKLS
/SS PLQ-DSDQH[FHOOHQWPDQRHXYULQJSHUIRUPDQFHZDVUHSRUWHGZLWKDVLJQLILFDQWIXHOVDYLQJRYHUKHUVLVWHUVKLS
ILWWHGZLWKDFRQYHQWLRQDOUXGGHUSURSHOOHUDUUDQJHPHQW
%DVHGXSRQWKHLQYHVWLJDWLRQVFDUULHGRXWE\XVLQJPRGHOWHVWV&)'VLPXODWLRQVDQGWKHIXOOVFDOHGDWDRIWZRFRQWDLQHU
YHVVHOV WKLV SDSHUGLVFXVVHV WKH GHWDLOV RI WKH SURSXOVLYH HIILFLHQF\ FKDUDFWHULVWLFV RI D YHVVHO ILWWHG ZLWK WKH *$7(
58''(5 SURSXOVLRQ V\VWHP LQ FRPSDULVRQ WKRVH RI WKH VDPH YHVVHO ZLWK WKH FRQYHQWLRQDO UXGGHUSURSHOOHU
DUUDQJHPHQW,QWKHSDSHUWKHHYROXWLRQKLVWRU\RIWKH*$7(58''(5FRQFHSWLVSUHVHQWHGE\WUDFLQJWKHGHYHORSPHQW
RIWKHVWDWHRIWKHDUWHQHUJ\VDYLQJGHYLFHV(6'LQYROYLQJGXFWVVLQFHWKH*$7(58''(5H[SORLWVWKHDGYDQWDJH
RIWKHGXFWHIIHFW7KHFRPSRQHQWVRIWKHSURSXOVLYHHIILFLHQF\SDUDPHWHUVZLWKDQHPSKDVLVRQWKHWKUXVWGHGXFWLRQDQG
HIIHFWLYH ZDNH SDUDPHWHUV DUH H[SORUHG DQG GLVFXVVHG KLJKOLJKWLQJ WKH GLIIHUHQFHV IRU WKH KXOO ZLWK WKH *$7(
58''(5DQGWKHFRQYHQWLRQDOUXGGHUDUUDQJHPHQWV




,1752'8&7,21

,QRUGHUWRLPSURYHWKHHQHUJ\HIILFLHQF\RIVKLSVDQG
KHQFH WR DFKLHYH WDUJHWHG FDUERQ HPLVVLRQ HJ((',
UHJXODWLRQV E\ ,02 YDULRXV WHFKQRORJLFDO DQG
RSHUDWLRQDOVROXWLRQVKDYHEHHQVWXGLHGE\WKHPDULWLPH
LQGXVWU\ 7KHVH VROXWLRQV UHFHQWO\ LQFOXGH WKH
GHYHORSPHQWVRIYDULRXVQRYHO(QHUJ\6DYLQJ'HYLFHV
(6' DSSOLHG RQ WKH XQGHUZDWHU KXOO DQG UHQHZDEOH
HQHUJ\ VDYLQJ GHYLFHV RQERDUG XVLQJ DOWHUQDWLYH IXHO
VRXUFHVDQGVRSKLVWLFDWHGO\GHVLJQHGRSWLPDOKXOOIRUPV
$PRQJVW WKHVH VROXWLRQV HJ (6'¶V VWLOO KDYH WKHLU
FKDOOHQJHV WR SURYH WKHLU HIIHFWLYHQHVV UHJDUGLQJ
SHUIRUPDQFH DQG FRVW UREXVWO\ RQ IXOOVFDOH VKLSV
$OWKRXJKPDQ\(6'VDOUHDG\H[LVWDQGVRPHQHZW\SHV
DUHVWLOOEHLQJLQWURGXFHGWKHLUHIIHFWLYHQHVVQHHGWREH
LQYHVWLJDWHGDQGSURYHQIXUWKHUE\DFFXUDWHYR\DJHGDWD
HVSHFLDOO\DIWHUGHOLYHU\

*$7( 58''(5  V\VWHP LV D QHZ DQG LQQRYDWLYH
(6'WHFKQRORJ\IRUVKLSVWRSURSHODQGVWHHUWKHPPRUH
HIILFLHQWO\FRPSDUHGWRFRQYHQWLRQDOUXGGHUSURSHOOHUDV
ZHOODVRWKHU(6'V$VRSSRVHGWRDFRQYHQWLRQDOVLQJOH
UXGGHU V\VWHP ZKLFK LV XVXDOO\ ORFDWHG EHKLQG WKH
SURSHOOHUWKH*$7(58''(5KDVWZRUXGGHUEODGHV
ZLWK DV\PPHWULF VHFWLRQV ZKLFK DUH ORFDWHG DVLGH WKH
SURSHOOHU DQG HDFK EODGH FDQ EH FRQWUROOHG
LQGHSHQGHQWO\ 7KH WZR UXGGHU EODGHV HQFLUFOLQJ WKH
SURSHOOHUDWWKHWRSDQGVLGHVSURYLGHWKHYHVVHOZLWKD
GXFW HIIHFW DQG KHQFH SURGXFH DGGLWLRQDO WKUXVW DV
RSSRVHG WR WKH DGGLWLRQDO GUDJ RI WKH FRQYHQWLRQDO
UXGGHUEHKLQGWKHSURSHOOHU

7KLV SDSHU SUHVHQWV WKH SULQFLSOHV RI WKH *$7(
58''(5FRQFHSWE\WUDFLQJHYROXDWLRQRIWKHVWDWH
RIWKHDUW(6'VLQYROYLQJGXFWHGSURSXOVRUV%\XVLQJ
PRGHOWHVWV&)'VLPXODWLRQVDQGWKHIXOOVFDOHGDWDRI
WZRFRQWDLQHUYHVVHOVWKHSDSHUH[SORUHVWKHGHWDLOVRI
WKHSURSXOVLYHHIILFLHQF\SDUDPHWHUVZLWKDQHPSKDVLV
RQWKHWKUXVWGHGXFWLRQDQGHIIHFWLYHZDNHSDUDPHWHUV
DQGGLVFXVVHVWKHGLIIHUHQFHVIRUWKHKXOOILWWHGZLWKWKH
*$7( 58''(5 DQG WKH FRQYHQWLRQDO UXGGHU
DUUDQJHPHQWV

*$7(58''(5&21&(37

(YROXWLRQRI'XFWHG3URSHOOHUV
7KHUXGGHULVRQHRIWKHVLJQLILFDQWVRXUFHVFRQWULEXWLQJ
WRWKHVKLSUHVLVWDQFH7KHPDLQSXUSRVHRI WKH*$7(
58''(5SURSXOVLRQV\VWHPLVWKHUHIRUHWRUHSODFH
WKLV UHVLVWDQFH VRXUFH ZLWK WKH VRXUFH RI D WKUXVW LH
VLPLODUWRDQDFFHOHUDWLQJGXFWWRLPSURYHWKHSURSXOVRU
HIILFLHQF\:LWKWKLVLGHDWKHUHSODFHPHQWRIWKHVLQJOH
>7\SHKHUH@
$<FHO2GDEDúÕ&ROORTXLXP6HULHV
UG,QWHUQDWLRQDO0HHWLQJRQ3URJUHVVLQ3URSHOOHU&DYLWDWLRQ
$QGLWV&RQVHTXHQFHV([SHULPHQWDODQG&RPSXWDWLRQDO0HWKRGVIRU3UHGLFWLRQV
WK±WK1RYHPEHU,VWDQEXO7XUNH\

&RUUHVSRQGLQJDXWKRUHPDLO1RUL\XNLVDVDNL#VWUDWKDFXN
UXGGHU EODGH ZLWK D SDLU RI EODGHV DQG ORFDWLQJ HDFK
EODGH DVLGH WKH SURSHOOHU FDQ LPSURYH WKH SURSXOVLYH
HIILFLHQWO\ VLJQLILFDQWO\ OLNH D GXFWHG SURSHOOHU DV DQ
HIIHFWLYHHQHUJ\VDYLQJGHYLFHDVRSSRVHGWRWKHUXGGHU
EHKLQGWKHSURSHOOHU

7KHSHUIRUPDQFHRIDGXFWHGSURSHOOHUV\VWHPLVXVXDOO\
HYDOXDWHG EDVHG RQ WKHLU RSHQ ZDWHU SHUIRUPDQFH
FKDUDFWHULVWLFV ZKLFK DUH VLPLODU WR WKDW RI D
FRQYHQWLRQDO VFUHZ SURSHOOHU +RZHYHU WKH SUREOHPV
ZLWK WKH FDYLWDWLRQ RFFXUULQJ DW WKH LQQHU VXUIDFH DQG
PDLQO\QHDU WKH OHDGLQJHGJHUHJLRQRI WKHGXFWVDUHD
ZHOONQRZQ DQG XQDYRLGDEOH VRXUFH RI YLEUDWLRQ DQG
VWUXFWXUDOSUREOHPVHVSHFLDOO\IRUODUJHYHVVHOVVXFKDV
9/&&VILWWHGZLWKWKHGXFWHGSURSHOOHUV7KLVKDVEHHQ
WKH PDLQ UHDVRQ ZK\ ZH DUH QRW DEOH WR VHH WKLV ILUVW
JHQHUDWLRQ FRQYHQWLRQDO DFFHOHUDWLQJ W\SH RI GXFWHG
SURSHOOHURQPHUFKDQW
VVKLSVQRZDGD\VZKLOHWKHVPDOO
ZRUNERDWVVXFKDVWXJERDWVDQGILVKLQJYHVVHOVFDQVWLOO
WDNHDGYDQWDJHRIWKLVW\SHSURSXOVRU

7KH VHFRQG JHQHUDWLRQ GXFWHG SURSHOOHUV DUH WKH
FRPELQDWLRQRIDSURSHOOHUDQGWKHGXFWEHLQJSODFHGLQ
IURQWRIWKHSURSHOOHU7KLVLGHDVHHPVWREHEHWWHUWKDQ
WKHILUVWJHQHUDWLRQGXFWHGSURSHOOHUZKLFKVXIIHUHGIURP
WKH ULVNV IRU GHYHORSLQJ FUDFNV LQ WKH FRQQHFWLQJ SDUW
EHWZHHQWKHGXFWDQGWKHKXOOSODWLQJDWWKHDIWHQGRID
VKLS

7KH ODWWHU SDUW RI WKH WK FHQWXU\ VDZ WKH WKLUG
JHQHUDWLRQ GXFWHG SURSHOOHUV ZKLFK DSSHDUHG DV WKHLU
GXFWV KDYLQJ PXFK VPDOOHU GLDPHWHU WKDQ WKHLU
SURSHOOHUVDQGLQVWDOOHGVOLJKWO\DZD\IURPWKHSURSHOOHU
DWWKHDIWHQGRIDVKLS:LWKLQWKLVJHQHUDWLRQLQ
105,LQYHQWHGWKHLU:HDWKHU$XJPHQWHG'XFW:$'
V\VWHP ZKLFK ZDV GHVLJQHG WR WDNH LQWR DFFRXQW WKH
SHUIRUPDQFH LPSURYHPHQW LQ DFWXDO VHD FRQGLWLRQV LQ
VHUYLFH 7KH :$' LV WR JHQHUDWH PRUH WKUXVW GXULQJ
URXJK VHD FRQGLWLRQV ZKHUH WKH VKLS UHTXLUHV PRUH
SRZHU WR PDLQWDLQ WKH GHVLJQ VSHHG FRPSDUHG WR WKH
FDOPVHDFRQGLWLRQ

7KURXJKWKHDERYHVXPPDULVHGHYROXWLRQDU\KLVWRU\RI
WKH GXFWHG SURSHOOHUV ZH PD\ QRWLFH WKH IROORZLQJ
LPSRUWDQWLVVXHVFRQFHUQLQJWKHLUGHVLJQV
 'XFWHGSURSHOOHUVDUHRSWLPLVHGEDVHGRQWKHLU
RSHQZDWHUHIILFLHQF\SHUIRUPDQFHZKLFKGRHV
QRW QHFHVVDULO\ GLVSOD\ WKH PD[LPXP
SURSXOVLYHHIILFLHQF\

 7KHGXFWRIDGXFWHGSURSHOOHUFDQEHSODFHGDW
DQ\SODFHLILWZRUNVZHOO

 0RUH HIILFLHQW DQG FULWLFDO SDUW RI D GXFW LV
DOZD\V WKHXSSHUKDOIZKLOH WKH ORZHUKDOIRI
WKHGXFWLVOHVVHIILFLHQWRUPD\EHFRQVLGHUHG
XVHOHVVIURPWKHSURSXOVLYHHIILFLHQF\SRLQWRI
YLHZ

 7KHVPDOOHUGXFWLQIURQWRIWKHSURSHOOHUFRXOG
EHRQHVROXWLRQIRUEHWWHUHIILFLHQF\

2QHRIWKHPRVWUHFHQWVXFFHVVIXO(6'VLQWURGXFHGKDV
EHHQWKH0HZLV'XFWZKLFKZDVLQWURGXFHGLQLQ
*HUPDQ\0HZLVGHVFULEHGWKHURRWVRIKLVQRYHO(6'
DV VKRZQ LQ )LJXUH  E\ FODLPLQJ WKDW KLV FRQFHSW
FRPELQHV WZR LGHDV RQH RI ZKLFK LV WKH 6XPLWRPR
,QWHJUDWHG/DPPHUQ'XFW6,/'ZKLOHRWKHULVWKHSUH
VZLUOILQV+RZHYHUWKH6,/'KDGDOUHDG\LQWHJUDWHGWKH
SUHVZLUOILQVLQLWVDUUDQJHPHQW
7KHUHIRUH WKHUH LV QR VLJQLILFDQW GLIIHUHQFH LQ WKHVH
FRQFHSWVZKLOHLWLVYHU\REYLRXVWKDWWKH0HZLVGXFWLV
D PXFKLPSURYHG (6' FRPSDUHG WR WKH 6,/' ZKLFK
ZDVLQYHQWHGPRUHWKDQWHQ\HDUVEHIRUHWKH0HZLV'XFW
,W FDQ EH VDLG WKDW 0HZLV 'XFW ZLOO EH WKH XOWLPDWH
FRQILJXUDWLRQ IRU WKH GXFWHG SURSHOOHUV ZKLFK FDQ EH
FDWHJRUL]HGDV3RVWSURSHOOHUW\SHGXFWHGSURSXOVRUV

)LJXUH+LVWRU\RI0HZLV'XFWSUHVHQWHGE\0HZLV

*$7(58''(5DVD'XFWHG3URSHOOHU
$V VWDWHG HDUOLHU WKH ILUVW JHQHUDWLRQ FRQYHQWLRQDO
GXFWHGSURSHOOHUVKDGPLQLPDOVFRSHWREHLQVWDOOHGRQ
WKHODUJHFRPPHUFLDOYHVVHOVGXHWRWKHSUREOHPVUHODWHG
FDYLWDWLRQ DQG YLEUDWLRQV ZKLFK KDYH QRW EHHQ VROYHG
HYHQQRZ+RZHYHUZHKDYHVHHQWKURXJKWKHHYROXWLRQ
RI WKHGXFWHGSURSHOOHUV WKDW WKHGXFWFDQEHPRYHGWR
DQ\SODFHLILWZLOOZRUNZHOODVLQWKHFDVHRIPDQ\3RVW
SURSHOOHU W\SHGXFWHGSURSHOOHUV:HDUHDOVRDZDUHRI
>7\SHKHUH@
$<FHO2GDEDúÕ&ROORTXLXP6HULHV
UG,QWHUQDWLRQDO0HHWLQJRQ3URJUHVVLQ3URSHOOHU&DYLWDWLRQ
$QGLWV&RQVHTXHQFHV([SHULPHQWDODQG&RPSXWDWLRQDO0HWKRGVIRU3UHGLFWLRQV
WK±WK1RYHPEHU,VWDQEXO7XUNH\

&RUUHVSRQGLQJDXWKRUHPDLO1RUL\XNLVDVDNL#VWUDWKDFXN
WKHIDFWWKDWWKHORZHUSDUWRIWKHFRQYHQWLRQDOGXFWPD\
QRWEHXVHIXOLQWKHVKLSVWHUQ

,QVSLUHG IURP WKH DERYHPHQWLRQHG HYROXWLRQDU\
REVHUYDWLRQV DQG DVVRFLDWHG NQRZOHGJH WKH *$7(
58''(5 SURSXOVLRQ V\VWHP KDV EHHQ UHFHQWO\
LQWURGXFHGEDVHGRQWKHDFWLYLWLHVLQ-DSDQDQG8.7KH
PDMRUDGYDQWDJHVRIWKH*$7(58''(5SURSXOVLRQ
V\VWHP FRPSDUHG ZLWK WKH SRVWSURSHOOHU W\SH GXFWHG
SURSHOOHUVFDQEHFODLPHGWREHDVIROORZV6DVDNLHWDO
6DVDNLHWDO

 7KHDFFHOHUDWLQJGXFWOLNHVKDSHRIWKH*$7(
58''(5 ZLWK WZR VHSDUDWHG VHFWLRQV LH
UXGGHUEODGHVZLWKRXWWKHLUERWWRPSDUWVDQG
SODFHG DVLGH WKH SURSHOOHU ZRUN DV WZR
HIILFLHQWWKUHHGLPHQVLRQDOZLQJV

 7KHWZRVHSDUDWHGUXGGHUEODGHVFDQEHURWDWHG
LQGHSHQGHQWO\IURPWKHXSSHUSDUWVDVDVLQJOH
UXGGHU EODGH WR SURYLGH PRUH HIILFLHQW
PDQRHXYULQJFDSDELOLW\WRWKHYHVVHO

 7KH DERYHGHVFULEHG DUUDQJHPHQW DFFHOHUDWHV
WKHZDNHIORZDWWKHXSSHUSDUWRIWKHSURSHOOHU
SODQHZKHUHWKHVWDJQDWHGIORZRUKLJKHUZDNH
VKDGRZH[LVWV

 7KH UXGGHU EODGHV SURGXFH  RI WKH
DGGLWLRQDO WKUXVW RI WKHSURSHOOHU OLNH DGXFW
DQGWKLVFDQUHGXFHWKHKLJKSURSHOOHUORDGLQJ

 7KHUHSODFHPHQWRIDFRQYHQWLRQDOUXGGHUZLWK
WKH*$7(58''(5V\VWHPSURYLGHVPRUH
DWWUDFWLYH RSWLRQV IRU WKH DIW HQG GHVLJQ
DUUDQJHPHQWV

$V ZH FDQ IROORZ WKURXJK WKH HYROXWLRQ RI WKH 3RVW
SURSHOOHUW\SHGXFWHGSURSHOOHUWKHVXFFHVVRIWKLVW\SH
SURSXOVRUUHOLHVRQWKHKLVWRU\RIWKH³LQWHJUDWLRQ´RIWKH
SURSHOOHUDQGGXFW+RZHYHU LQWKHFDVHRIWKH*$7(
58''(5 WKH VXFFHVVIXO ³LQWHJUDWLRQ´ LQYROYHV WKH
SURSHOOHUKXOODQGWKHUXGGHU+HQFHPRUHEHQHILWIURP
WKLVLQWHJUDWLRQFDQEHH[SHFWHGDVVKRZQLQ)LJXUH





)LJXUH+LVWRU\RI'XFWHG3URSHOOHUV

3URSXOVLYH(IILFLHQF\ZLWK*$7(58''(5
7KH*$7(58''(5FRQFHSWWDNHVDGYDQWDJHRIWKH
UDWKHU FRPSOH[ LQWHJUDWLRQ RI WKH KXOO SURSHOOHU DQG
UXGGHU IORZ LQ D XQLTXH SURSXOVLRQ V\VWHP ZKLFK LV
GLIILFXOW WR EH GHVFULEHG DQG WR EH SUHVHQWHG E\ DQ\
VWDQGDUGGHVLJQDQGSRZHUSUHGLFWLRQPHWKRGRORJ\

,I ZHFRQVLGHU WKH*$7(58''(5 LV DSURSXOVLRQ
V\VWHPZKLFKFRQVLVWVRIYDULRXVVXEHOHPHQWVWKDWFDQ
JHQHUDWH WKHUHTXLUHG WKUXVW WKH SURSXOVLYHHIILFLHQF\
RI WKH *$7( 58''(5 FDQ EH UHSUHVHQWHG DV WKH
VXPPDWLRQRIWKHWKUXVWWRGHOLYHUHGSRZHUUDWLRGXHWR
WKHSURSHOOHUDQGUXGGHUEODGHHOHPHQWVDVIROORZV
 ߟ஽ ൌ  ? ்೔య೔సభ ௏ ? ஽ு௉೔య೔సభ 

ZKHUH L    DQG  FRUUHVSRQGV WR WKH SURSHOOHU
VWDUERDUG UXGGHU EODGH DQG SRUW UXGGHU EODGH
UHVSHFWLYHO\0RUH

8VLQJ (TXDWLRQ  DQG DVVXPLQJ WKDW WKH SRZHU LV
GHOLYHUHGRQO\WKURXJKWKHSURSHOOHUK'FDQEHZULWWHQ
DVIROORZV ߟ஽ ൌ ሺ భ்ା మ்ା య்ሻ௏஽ு௉భ 
>7\SHKHUH@
$<FHO2GDEDúÕ&ROORTXLXP6HULHV
UG,QWHUQDWLRQDO0HHWLQJRQ3URJUHVVLQ3URSHOOHU&DYLWDWLRQ
$QGLWV&RQVHTXHQFHV([SHULPHQWDODQG&RPSXWDWLRQDO0HWKRGVIRU3UHGLFWLRQV
WK±WK1RYHPEHU,VWDQEXO7XUNH\

&RUUHVSRQGLQJDXWKRUHPDLO1RUL\XNLVDVDNL#VWUDWKDFXN

%HFDXVHSURSHOOHUWKUXVW7DQGGHOLYHUHGSRZHU'
FDQEHUHSUHVHQWHGE\FODVVLFDOSURSHOOHUKXOO
LQWHUDFWLRQFRHIILFLHQWVLWIROORZV
 ߟ஽ଵ ൌ భ்௏஽ு௉భ ൌ ଵି௧భଵି௪భ ߟ௢ߟோ

+HQFH(TXDWLRQFDQEHPRGLILHGDVIROORZV
 ߟ஽ ൌ ଵି௧భଵି௪భ ߟ௢ߟோ ൅ ሺ మ்ା య்ሻ௏஽ு௉భ 

%\XVLQJWKHVLPSOHPRPHQWXPWKHRU\IRUWKH
SURSHOOHUHIILFLHQF\ߟ஽ ൌ ଵି௧భଵି௪భ ଶ఑ሾଵାሺଵା஼೅ሻబǤఱሿ ߟோ ൅ ሺ మ்ା య்ሻ௏஽ு௉భ 

ZKHUH Ɉ LV D  FRUUHFWLRQ IDFWRU IURP WKH LGHDO
HIILFLHQF\ WR DFWXDOSURSHOOHU HIILFLHQF\ DQGSURSHOOHU
WKUXVW FRHIILFLHQW &7 FDQ EH FDOFXODWHG E\ XVLQJ
(TXDWLRQ  DV D IXQFWLRQ RI ZDWHU GHQVLW\ ɏ DQG
SURSHOOHUGLVFDUHD63
 ܥ் ൌ భ்଴Ǥହఘሾ௏ሺଵି௪భሻሿమௌ೛

%DVHGRQWKHVHHTXDWLRQVLWLVREYLRXVWKDWWKHIROORZLQJ
QH[W WZR FKDUDFWHULVWLFV RI WKH*$7(58''(5 DUH
YHU\LPSRUWDQWIRUWKHHYDOXDWLRQRILWVSHUIRUPDQFH

 ,QWHUDFWLRQEHWZHHQ77DQGW
 ,QWHUDFWLRQEHWZHHQ77DQGZ

$OWKRXJKߟோPD\KDYHDVPDOOSRVVLELOLW\RIFKDQJHE\77 WKLVFKDQJHFDQEHQHJOHFWHG LIZHFDQDYRLG
DQ\HUURUDVVRFLDWHGZLWKWKHGHVLJQRUH[SHULPHQWDOLQ
QDWXUH VLQFH WKH SURSHOOHU GHVLJQ VKRXOG EH FORVHO\
UHODWHG WR WKH FKDQJH LQ WKH IORZ ILHOG +RZHYHU DQ\
ODUJHGLIIHUHQFHRIȘ5REVHUYHGLQWKHPRGHOWHVWVKRXOG
EHWUHDWHGZLWKFDUHDVWKHSRWHQWLDOVRXUFHRIWURXEOH

*HQHUDOO\ VSHDNLQJ WKHDERYHKLJKOLJKWHG LQWHUDFWLRQV
VWURQJO\ GHSHQG RQ WKH D[LDO GLVWDQFH EHWZHHQ WKH
(6'VDQGWKHDIWHQGVWHUQSRVWRIWKHYHVVHOLQIURQW
RIWKH(6',IWKHORFDWLRQRIWKH(6'LVIDUIURPWKHDIW
HQGWKHLQWHUDFWLRQZLOOEHQHJOLJLEO\VPDOO,QFRQWUDVW
LIWKHORFDWLRQRI(6'LVYHU\FORVHWRWKHDIWHQGDVLQ
WKHFDVHRIWKH3RVWSURSHOOHUW\SHGXFWHGSURSXOVRUVD
VWURQJLQWHUDFWLRQVKRXOGEHH[SHFWHG

)LJXUHVKRZVWKHHIILFLHQF\JDLQLQWKHLGHDOFRQGLWLRQ
GXH WR WKH DVVLVWLQJ WKUXVW 77 IRU WKH *$7(
58''(57KLVPHDQVWKHSUHVHQWHGYDOXHVDUHEDVHG
RQ WKHDVVXPSWLRQWKDW WKHUH LVQR LQWHUDFWLRQEHWZHHQ
77DQGQHLWKHUWQRUZ,QWKHILJXUH5DQG
3LVWKHKXOOUHVLVWDQFHDQGUHTXLUHGSRZHUUHVSHFWLYHO\











)LJXUH,GHDO3RZHU5HGXFWLRQE\$VVLVWHG7KUXVW

%HFDXVH WKH FDOFXODWLRQV LQ )LJXUH  QHJOHFW WKH
DGYDQWDJHRI WKHSURSHOOHUGHVLJQFRQGLWLRQVIRU ORZHU
WKUXVW WKH SRZHU UHGXFWLRQ LQ WKLV ILJXUH LV VOLJKWO\
FRQVHUYDWLYH DQG IXUWKHU  FDQ EH FRQVLGHUHG E\
UHIOHFWLQJWKLVDGYDQWDJHLQWKHSURSHOOHUGHVLJQVWDJH

,QWHUDFWLRQEHWZHHQ*$7(58''(5DQG
3URSXOVLYH&RHIILFLHQWV
7KUXVW'HGXFWLRQ)DFWRU
7KUXVWGHGXFWLRQIDFWRULVWKHUHIOHFWLRQRIWKHUHVLVWDQFH
LQFUHDVH RQ WKH KXOO GXH WR WKH DFWLRQ RI D SURSXOVRU
%HFDXVH WKH SURSXOVRU FUHDWHV D VXFWLRQ ILHOG DW LWV
XSVWUHDP DQG KHQFH DFFHOHUDWHV WKH IORZ LQ IURQW WKLV
DFFHOHUDWHGIORZJHQHUDWHVODUJHUVKHDUVWUHVVRQWKHKXOO
VXUIDFH RI WKH VWHUQ 7KHVH HIIHFWV DUH WKH DGGLWLRQDO
UHVLVWDQFH VRXUFH ZKHQ WKH VKLS LV SURSHOOHG E\ WKH
SURSXOVRUV 7R UHGXFH WKLV UHVLVWDQFH LQFUHDVH WKHUH
DUH WZR SUDFWLFDO GHVLJQ VROXWLRQV )LUVW RQH LV WR
LQWURGXFH D ILQH VWHUQ VKDSH ZLWK VPDOOHU KDOI HQWU\
DQJOHV LQ IURQW RI WKH SURSHOOHU VLQFH WKH SUHVVXUH LV
ZRUNLQJRQDQRUPDOGLUHFWLRQ WR WKHKXOOVXUIDFH)RU
WKLVSXUSRVHVRPHWLPHVFXVSVKDSHVDUHDSSOLHGWRWKH
DIWHQGOLQHVRIWKHVKLSV7KHVHFRQGRQHLVWRSODFHWKH
SURSXOVRU UHODWLYHO\ IDU IURP WKH DIW HQG ZLWKLQ WKH
SUDFWLFDOOLPLWV
,W ? ? ? ?Ŭǁ
sƐ ? ?ŬƚƐ
WƌŽƉŝĂ ? ? ? ?ŵ
 ?d ?A?d ? ? ?Z
>7\SHKHUH@
$<FHO2GDEDúÕ&ROORTXLXP6HULHV
UG,QWHUQDWLRQDO0HHWLQJRQ3URJUHVVLQ3URSHOOHU&DYLWDWLRQ
$QGLWV&RQVHTXHQFHV([SHULPHQWDODQG&RPSXWDWLRQDO0HWKRGVIRU3UHGLFWLRQV
WK±WK1RYHPEHU,VWDQEXO7XUNH\

&RUUHVSRQGLQJDXWKRUHPDLO1RUL\XNLVDVDNL#VWUDWKDFXN
,QRUGHU WR LQYHVWLJDWH WKHDERYHPHQWLRQHG UHVLVWDQFH
LQFUHPHQWRQWKHVDPHYHVVHOVLHVLVWHUVKLSVEXWZLWK
WZR GLIIHUHQW SURSXOVLRQ DUUDQJHPHQWV LH RQH ZLWK D
FRQYHQWLRQDO UXGGHUSURSHOOHU V\VWHP ZKLOH WKH RWKHU
ZLWK WKH *$7( 58''(5 V\VWHP WKH WRWDO VKLS
UHVLVWDQFHV GXULQJ WKH WRZLQJ FRQGLWLRQ DQG VHOI 
SURSHOOHG FRQGLWLRQ ZHUH FRPSDUHG IRU WKH FDVH RI D
*7FRQWDLQHUVKLSV7KHUHVXOWVRIWKLVFRPSDULVRQ
LVVKRZQLQ)LJXUH

)LJXUH&RPSDULVRQRIWRWDOVKLSUHVLVWDQFHEHWZHHQ
WRZLQJDQGVHOISURSHOOHGFRQGLWLRQVIRUWKHPRGHOVRI
*7FRQWDLQHUYHVVHOVZLWKFRQYHQWLRQDODQG
*$7(58''(5V\VWHPV

$VFDQEHVHHQLQ)LJXUHWKHUHVLVWDQFHLQFUHPHQWGXH
WRWKHSURSHOOHUDFWLRQIRUWKH*$7(58''(5FDVHLV
DOPRVWKDOIWKDWRIWKHFRQYHQWLRQDOUXGGHUFDVH7KLVLV
DJHQHUDOWHQGHQF\ZKLFKFDQEHREVHUYHGZLWKDOOWKH
PRGHO WHVWV FRQGXFWHG ZLWK WKH *$7( 58''(5
7KHVHYDOXHVDUHGLUHFWO\UHODWHGWRWKHWKUXVWGHGXFWLRQ
IDFWRU RI ERWK UXGGHUV FDVH )RU H[DPSOH  RI
UHVLVWDQFH LQFUHPHQW RI WKH FRQYHQWLRQDO UXGGHU FDVH
QHDUO\HTXDOWRW ZKLOHIRUWKH*$7(58''(5
W UHVSHFWLYHO\

)LJXUH VKRZV WKH DQDO\VLV DUUDQJHPHQW RI WKH WKUXVW
FRPSRQHQWIURPWKHUXGGHUIRUFHPHDVXUHPHQWVZLWKWKH
PRGHORIWKHVDPHVKLS7KLVDQDO\VLVLVEDVHGWKHVDPH
ZD\RIDQHPSLULFDOSUHGLFWLRQPHWKRGIRU WKHOLIWDQG
GUDJRIDWKUHHGLPHQVLRQDOZLQJDQGUHSUHVHQWHGE\WKH
IROORZLQJIRUPXODWLRQ
 ܥ௅ ൌ ɂɈȽܥ஽ ൌ ிೊ͛ି఑ఈఈ 
Ƚ ൌ ටܨ௑Ԣଶ ൅ ܨ௒Ԣଶ െ ܥ஽ଶߝߢ ሺ ?ሻܨ௑Ԣ ൌ ி೉଴Ǥହఘ௏మௌೃܨ௒Ԣ ൌ ிೊ଴Ǥହఘ௏మௌೃ
ZKHUH &/ DQG &' LV WKH OLIW
FRHIILFLHQW DQG GUDJ
FRHIILFLHQW RI WKH UXGGHU
UHVSHFWLYHO\ ZKLOH OLIW / LV
DFWLQJ QRUPDO WR WKH IORZ
GLUHFWLRQ ); DQG )< DUH WKH
PHDVXUHG UXGGHU IRUFHVDW WKH
UXGGHU IL[HG FRRUGLQDWH
V\VWHPDVVKRZQLQ)LJXUH

7KH PHDVXUHPHQWV RI ); DQG
)<DOORZHGWRHYDOXDWH&/DQG
&' HDVLO\ EDVHG RQ WKH
DVVXPSWLRQ WKDW WKDW Ș  LV
VPDOO7KLVPHDVXUHPHQWGDWD
ZDV RQO\ DYDLODEOH IRU WKH
VWDUERDUG VLGH GXH WR WKH
OLPLWDWLRQ RI WKH PRGHO GHFN
VSDFH GXULQJ WKH VHOI
SURSXOVLRQ WHVWV RI WKH PRGHO
SUHVHQWHGLQ)LJXUH

)LJXUH  SUHVHQWV WKH UHVXOWV RI WKH DQJOH RI DWWDFN
DQDO\VHG IURP WKH IRUFHV PHDVXUHG RQ WKH *$7(
58''(5$VH[SHFWHGWKHODUJHOLIWSURGXFHGRQWKH
*$7(58''(5UHIOHFWHGRQWKHPHDVXUHGDQJOHRI
DWWDFN7KLVZDVGXHWRWKHFRQWUDFWLRQRIWKHZDNHIORZ
ZKLFK ZDV EURXJKW DERXW E\ QRW RQO\ IURP WKH KXOO
JHRPHWU\ EXW DOVR GXH WR WKH VXFWLRQ HIIHFW RI WKH
SURSHOOHU

$QRWKHU PRGHO WHVW UHVXOWV ZKLFK SURYLGHG IXUWKHU
HYLGHQFH RQ WKH LQWHUDFWLRQ DPRQJVW WKH SURSHOOHU
UXGGHUEODGHVDQGKXOOIORZPRUHFOHDUO\FRQGXFWHGDW
)LJXUH&RRUGLQDWH
V\VWHPIRUUXGGHU
IRUFHPHDVXUHPHQW	
DQDO\VLV
dŽƚ
Ăůƌ
ĞƐŝ
ƐƚĂ
ŶĐĞ

ZĞƐŝƐƚĂŶĐĞŝŶĐƌĞŵĞŶƚ
ĚƵĞƚŽƉƌŽƉƵůƐŽƌ ?Ɛ ?
^ĞůĨ ?ƉƌŽƉĞůůĞĚĐŽŶĚŝƚŝŽŶ
^ŚŝƉ^ƉĞĞĚ ?ŬŶŽƚƐ ?
>7\SHKHUH@
$<FHO2GDEDúÕ&ROORTXLXP6HULHV
UG,QWHUQDWLRQDO0HHWLQJRQ3URJUHVVLQ3URSHOOHU&DYLWDWLRQ
$QGLWV&RQVHTXHQFHV([SHULPHQWDODQG&RPSXWDWLRQDO0HWKRGVIRU3UHGLFWLRQV
WK±WK1RYHPEHU,VWDQEXO7XUNH\

&RUUHVSRQGLQJDXWKRUHPDLO1RUL\XNLVDVDNL#VWUDWKDFXN

)LJXUH$WWDFNDQJOHȽGHJDQDO\VHGIURPVHOI
SURSXOVLRQPRGHOWHVWVZLWKD*$7(58''(5
PRGHO

WKH (PHUVRQ &DYLWDWLRQ 7XQQHO XVLQJ D GXPP\ KXOO
UHSUHVHQWLQJDODUJHEXONFDUULHU$VVKRZQLQ)LJXUH
WKLVZDVDPRGHOZLWKDVHJPHQWHGVWHUQVHFWLRQZKLFK
LV IORDWHG WR PHDVXUH WKH IRUFH DFWLQJ RQ WKLV VHFWLRQ
XQGHUWKHDFWLRQRIWKHSURSHOOHUDQGWKHPRGHOFDQEH
ILWWHG ZLWK D FRQYHQWLRQDO UXGGHU DQG *$7(
58''(5IRUFRPSDULVRQ


)LJXUH'XPP\KXOOZLWKDVHJPHQWHGDQGIORDWLQJ
VWHUQVHFWLRQZLWK*$7(58''(5LQWKH(PHUVRQ
&DYLWDWLRQ7XQQHO

)LJXUHVKRZVWKHUHVXOWVRIWKHPHDVXUHGIRUFHVRQWKH
*$7( 58''(5 DQG WKH FRQYHQWLRQDO UXGGHU LQ
FRPSDULVRQ$V LWFDQEHVHHQ LQ WKLV ILJXUH WKH IRUFH
DFWLQJRQWKH*$7(58''(5LVLQWKHVDPHGLUHFWLRQ
ZLWKWKHSURSHOOHUWKUXVWDQGZLWKDPDJQLWXGHRI
RI WKH SURSHOOHU WKUXVW 7KLV YDOXH LV VOLJKWO\ VPDOO
FRPSDUHG ZLWK WKH ILJXUH REWDLQHG IURP WKH VHOI
SURSXOVLRQ WHVWV LQ WKH WRZLQJ WDQN EHFDXVH RI WKH
H[SRVXUHRIWKHORQJDQGEOXQWUXGGHUVKDIWVUHTXLUHGWR
PHDVXUH WKH UXGGHUEODGH IRUFHVRXWVLGH WKHFDYLWDWLRQ
WXQQHODWWKHWRS$VVKRZQLQ)LJXUHZKLOHWKH*$7(
58''(5 GLVSOD\V LQFUHDVLQJ IRUZDUG IRUFH LH
WKUXVWZLWKLQFUHDVLQJSURSHOOHUWKUXVWWKHFRQYHQWLRQDO
UXGGHU SUHVHQWV DOPRVW D FRQVWDQW UHVLVWDQFH ZLWK
LQFUHDVLQJSURSHOOHUWKUXVWLQFUHDVLQJSURSHOOHUORDGLQJ
JHQHUDWHV


)LJXUH5UXGGHUWKUXVWJHQHUDWHG
E\*$7(58''(5


)LJXUH&RPSDULVRQRIUXGGHUIRUFHRQ*$7(
58''(5DQG&RQYHQWLRQDO5XGGHU

)LJXUH  VKRZV WKH PHDVXUHG IRUFH DFWLQJ RQ WKH
IORDWLQJ VWHUQ VHFWLRQRI WKHGXPP\KXOO PRGHO LQ WKH
SUHVHQFH RI WKH *$7( 58''(5 DQG WKDW RI WKH
FRQYHQWLRQDO UXGGHU LQ FRPSDULVRQ $SDUW IURP VRPH
VFDWWHUHGGLIIHUHQFH LQ UHVLVWDQFHDW ORZWKUXVW DURXQG
1 ERWK WKH *$7( 58''(5 DQG FRQYHQWLRQDO
UXGGHUDUUDQJHPHQWVLQGXFHVVLPLODUGUDJIRUFHVRQWKH
VWHUQ SDUW RI WKH KXOO 8QIRUWXQDWHO\ ZH FRXOG QRW
VLPXODWHWKLVFDVHE\&)'WRSURYLGHIXUWKHULQVLJKWLQWR
&ůŽĂƚŝŶŐ
ƐƚĞƌŶƐĞĐƚŝŽŶ
ƚƚ
ĂĐŬ
ĂŶ
ŐůĞ
 ?Ě
ĞŐ 
? ?


>7\SHKHUH@
$<FHO2GDEDúÕ&ROORTXLXP6HULHV
UG,QWHUQDWLRQDO0HHWLQJRQ3URJUHVVLQ3URSHOOHU&DYLWDWLRQ
$QGLWV&RQVHTXHQFHV([SHULPHQWDODQG&RPSXWDWLRQDO0HWKRGVIRU3UHGLFWLRQV
WK±WK1RYHPEHU,VWDQEXO7XUNH\

&RUUHVSRQGLQJDXWKRUHPDLO1RUL\XNLVDVDNL#VWUDWKDFXN
WKH LQWHUDFWLRQ DPRQJVW WKH SURSHOOHU UXGGHU DQG KXOO
IORZ EHFDXVH RI WKH FRPSOH[LW\ RI WHVW VHWWLQJ LQ WKH
FDYLWDWLRQWXQQHO


)LJXUH)RUFHDFWLQJRQWKHIORDWLQJVWHUQ
+RZHYHU WKH &)' VWXG\ FRQGXFWHG IRU WKH SRWHQWLDO
DSSOLFDWLRQRIWKH*$7(58''(5SURSXOVLRQV\VWHP
RQD5R5RYHVVHOFDVHSURYLGHVVRPHXVHIXOLQIRUPDWLRQ
RQWKLVFRPSOH[LQWHUDFWLRQGLVFXVVHGLQWKHIROORZLQJ
)LJXUH  VKRZV WKH FRPSDULVRQ RI WKH D[LDO ZDNH
YHORFLW\ UDWLR GLVWULEXWLRQV DW WKH DIW HQG RI D P
5R5R PRGHO VKLS GXH WR D FRQYHQWLRQDO UXGGHU DQG
*$7( 58''(5 V\VWHP LQFOXGLQJ WKH HIIHFW RI WKH
SURSHOOHU¶V DFWLRQ ,Q FRPSOHPHQWLQJ WKH YHORFLW\
SUHGLFWLRQVWKHFRPSDUDWLYHSUHVVXUHSUHGLFWLRQVIRUWKH
VDPH YHVVHO DUH DOVR FRQGXFWHG IRU ERWK UXGGHU
DUUDQJHPHQWVDQGVKRZQLQ)LJXUH
$VVKRZQLQ)LJXUHIRUWKHYHORFLW\GLVWULEXWLRQVLW
LV REYLRXV WKDW WKH*$7(58''(5GRHVQRW DIIHFW
WKHIORZILHOGDURXQGWKHVKLSVWHUQVRPXFKLQIURQWRI
WKHSURSHOOHUH[FHSWWKHXSSHUSDUWVZKLFKDUHLQGLFDWHG
E\ GRWWHG FLUFOHV )LJXUH ZKHUH WKH IORZ LV DOZD\V
VWDJQDWLQJ ZKHQ ZH DSSOLHG D FRQYHQWLRQDO DPULQHU
VWHUQ 7KLV ZLOO EH IDYRXUDEOH IURP QRW RQO\ WKH VKLS
UHVLVWDQFH SRLQW RI YLHZ EXW DOVR FDYLWDWLRQ DQG QRLVH
DVSHFWV 7KH SUHVVXUH GLVWULEXWLRQ RQ ERWK UXGGHU
VXUIDFHVDUHVKRZQLQ)LJXUHDQGWKHILJXUHVKRZXV
WKDWWKHEODGHVRI*$7(58''(5LVZRUNLQJDVZLQJ
RI DLU SODQH ZKLFK JHQHUDWHV ODUJH OLIW IRUFH WR RQH
GLUHFWLRQ
%DVHG XSRQ WKH DERYH DQDO\VLV WKH WKUXVW GHGXFWLRQ
SDUDPHWHUDSSHDUVWREHQRWPXFKDIIHFWHGLQWKHFDVHRI
*$7( 58''(5 DUUDQJHPHQW LQGLFDWLQJ WKDW WKH
UHVLVWDQFHLQFUHPHQWGXHWRWKHDFWLRQRIWKHSURSHOOHULV
SURSRUWLRQDOWRWKHSURSHOOHU¶VWKUXVW,QVXSSRUWLQJWKLV
REVHUYDWLRQWKHSUHVVXUHGLVWULEXWLRQRQWKHKXOOVXUIDFH
LQ IURQWRI WKHSURSHOOHU LVDOPRVW WKH VDPHH[FHSW WKH
XSSHU SDUWV ZKLFK PD\ LPSURYH WKH WKUXVW GHGXFWLRQ
IDFWRUZLWKWKH*$7(58''(5

)LJXUH&RPSDULVRQRID[LDOIORZYHORFLW\UDWLRVIRUD
5R5R YHVVHO LQFOXGLQJ WKH DFWLRQ RI WKH SURSHOOHU
&RQYHQWLRQDOUXGGHUWRS*$7(58''(5ERWWRP
)LJXUH3UHVVXUH'LVWULEXWLRQVRQWKHUXGGHU
%ODGHV&RQYHQWLRQDOUXGGHUWRS*$7(
58''(5ERWWRP

7KHUHIRUHZHFDQFRQFOXGHWKDWWKUXVWGHGXFWLRQRIWKH
VKLSZLWK*$7(58''(5ݐீሻFDQEHUHSUHVHQWHGE\XVLQJWKHFRQYHQWLRQDOUXGGHU¶VWKUXVWGHGXFWLRQݐ஼ሻDVIROORZV
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>7\SHKHUH@
$<FHO2GDEDúÕ&ROORTXLXP6HULHV
UG,QWHUQDWLRQDO0HHWLQJRQ3URJUHVVLQ3URSHOOHU&DYLWDWLRQ
$QGLWV&RQVHTXHQFHV([SHULPHQWDODQG&RPSXWDWLRQDO0HWKRGVIRU3UHGLFWLRQV
WK±WK1RYHPEHU,VWDQEXO7XUNH\

&RUUHVSRQGLQJDXWKRUHPDLO1RUL\XNLVDVDNL#VWUDWKDFXN
ݐீ ൌ ݐ஼ ൈ భ்భ்ା మ்ା య் െ ߜݐ
ZKHUH GW LV DVVRFLDWHG ZLWK DQ\ FRQWULEXWLRQ IURP
LPSURYHPHQW RI IORZ DV ZH VDZ WKLV LQ IURQW  RI WKH
SURSHOOHULQ)LJXUHGRWWHGUHGFLUFOH

5HJDUGLQJWRWKHVFDOHHIIHFWVRIWKHUXGGHUIRUFHVDQG
KHQFH UHIOHFWLRQRQ WKH WKUXVW GHGXFWLRQEDVHG RQ WKH
DQDO\VLVUHVXOWVRIWKHIXOOVFDOHGDWDLWDSSHDUVWKDWWKH
*$7(58''(5IRUFHVH[SHULHQFHGLQWKHIXOOVFDOH
FDQEHDVKLJKDVPRUHFRPSDUHGWRWKHSUHGLFWLRQV
EDVHGRQ WKHPRGHO WHVWPHDVXUHPHQWVGXH WR WKH ORZ
5H\QROGVQXPEHUH[SHULHQFHGLQPRGHOVFDOH7KLVDOVR
UHTXLUHV VSHFLDO DWWHQWLRQ LQ WKH SRZHU SUHGLFWLRQ DQG
WKLVLVFXUUHQWO\EHLQJLQYHVWLJDWHGWREHUHSRUWHG

(IIHFWLYHZDNH
$OWKRXJK WKH GHVFULSWLRQ RI WKH HIIHFWLYH ZDNH IRU D
YHVVHOZLWKWKH*$7(58''(5FDQEHVXEMHFWHGWR
IXUWKHU GLVFXVVLRQ E\ IROORZLQJ WKH VWDQGDUG
WHUPLQRORJLHVLWPD\EHKHOSIXO LIZHFDQ LGHWLI\KRZ
WKH *$7( 58''(5 VKRXOG EH UHJDUGHG DV DQ
DSSHQGDJH RU D SURSXOVRU :LWKLQ WKLV FRQWH[W E\
FRQVLGHULQJ LWV RYHUDOO IXQFWLRQLQJ D ZKROH V\VWHP RU
XQLWDQGWKHDQDO\VLVDQGGLVFXVVLRQVFRQGXFWHGVRIDU
LWLVPRUHFRUUHFWWRUHJDUGDVDSURSXOVRU+DYLQJVDLG
WKDW WKLV WUHDWPHQWZLOOKDYHLWVRZQFRPSOH[LWLHVHJ
FRQGXFWLQJ DQ RSHQ ZDWHU WHVW ZLWK WKH *$7(
58''(5XQLWLVQRWVRHDV\ZLWKWKHWZRODUJHVXUIDFH
SLHUFLQJVWUXWVHWF+RZHYHUWKHVHFDQEHFLUFXPYHQWHG
E\VRPHWDLORUPDGHWHVWLQJDUUDQJHPHQWVDQGDQDO\VLV
SURFHGXUHV DV ZH H[SHULHQFHG ZLWK RWKHU VSHFLDO
SURSXOVRUVHJGXFWHGSURSXOVRUVSRGVWKUXVWHUVHWF

5HJDUGLQJ WKH HIIHFWLYH ZDNH GHVFULSWLRQ ZKLFK
PDQLIHVWV LWVHOI LQ WKHSURSHOOHU DGYDQFH VSHHGEHKLQG
WKHKXOOPDLQO\E\WKHFRQWUDFWLRQHIIHFWRIWKHYLVFRXV
ERXQGDU\ OD\HUGXH WR WKHDFWLRQRI WKHSURSHOOHU LW LV
EHVWWRHYDOXDWHDWDORFDWLRQEHKLQGWKHKXOOZKHUHWKH
LQGXFHGYHORFLWLHVGXHWRSURSHOOHULVQHJOLJLEOH)RUWKLV
SXUSRVHDVNHWFKZKLFKVKRZVWKHUHSUHVHQWDWLRQRIWKH
HIIHFWLYH ZDNH GXH WR WKH *$7( 58''(5 DQG
&RQYHQWLRQDOUXGGHULVLQFOXGHGLQ)LJXUH$VLWFDQ
EH DSSUHFLDWHG E\ VNHWFKHV LQ WKLV ILJXUH WKH *$7(
58''(5FRQILJXUDWLRQZLOOQRWEHDIIHFWLQJWKHKXOO
ERXQGDU\ OD\HUVWUXFWXUHDQGKHQFH WKHUHVXOWLQJZDNH
ILHOG FRPSDUHG WR WKH WKDW ILHOG ZLWK WKH FRQYHQWLRQDO
UXGGHUDUUDQJHPHQWZLOOEHVLPLODURUVOLJKWO\VORZHU



)LJXUH6FKHPDWLFYLHZRIRIHIIHFWLYHZDNHUHVXOWLQJ
IURP *$7( 58''(5 WRS VNHWFK DQG
&RQYHQWLRQDOUXGGHUORZHUVNHWFKDUUDQJHPHQWV

,QRUGHUWRGHPRQVWUDWHWKHGLIIHUHQFHVLQWKHHIIHFWLYH
ZDNH IORZ RI WKH VDPH KXOO ILWWHG ZLWK WKH *$7(
58''(5DQGWKH&RQYHQWLRQDOUXGGHUDUUDQJHPHQW
&)' FRPSXWDWLRQV ZHUH FRQGXFWHG IRU WKH HDUOLHU
PHQWLRQHG 5R5R YHVVHO KXOO ZLWK WKH ERWK UXGGHU
FRQILJXUDWLRQV DQG UHVXOWV DUH FRPSDUHG DV VKRZQ LQ
)LJXUH

)RUWKHHYDOXDWLRQRIWKHHIIHFWLYHZDNHLWZLOOEHEHVW
WR FRQFHQWUDWH DW WKH SURSHOOHU XSVWUHDP DQG QHDU WKH
VWHUQUHJLRQRIWKHKXOOZKHUHWKHGLUHFWLQWHUIHUHQFHRI
WKH SURSHOOHULQGXFHG YHORFLWLHV DUH PXFK UHGXFHG RU
QHJOLJLEOH ,W LV WKHUHIRUH WKH &)' VLPXODWLRQV RI WKH
ZDNH IORZV IRU WKH 5R5R YHVVHOV DUH FRQGXFWHG PRUH
IUHTXHQW DW WKH SURSHOOHU XSVWUHDP LH DW WKUHH FURVV
VHFWLRQV ' ' DQG ' GLVWDQFHV ORFDWLRQV
EHWZHHQ WKH SURSHOOHU DQG WKH VWHUQ DV ZHOO DV WKH
ORFDWLRQVDWWKHSURSHOOHUSODQHDQG'GRZQWUHDPRI
WKH SURSHOOHU DV VKRZQ LQ )LJXUH  $PRQJVW WKHVH
SUHVHQWDWLRQVSHUKDSVWKHILUVWLVWRFRQFHQWUDWHRQWKH
ZDNH YHORFLW\ DW IRUHPRVW ORFDWLRQ LH ' FURVV
VHFWLRQZKHUHRQHPD\QRWLFHWKHODUJHUUHJLRQRIWKH
KLJK YHORFLW\ ILHOG RI WKH FRQYHQWLRQDO UXGGHU
DUUDQJHPHQW FRPSDUHG WR WKH *$7( 58''(5
DUUDQJHPHQW 7KLV PHDQV WKH JHQHUDO WHQGHQF\ RI WKH
HIIHFWLYHZDNHZLWKWKH*$7(58''(5LVODUJHUWKDQ
ZLWK WKH FRQYHQWLRQDO UXGGHU DUUDQJHPHQW LHݓீ ൐ݓ஼
>7\SHKHUH@
$<FHO2GDEDúÕ&ROORTXLXP6HULHV
UG,QWHUQDWLRQDO0HHWLQJRQ3URJUHVVLQ3URSHOOHU&DYLWDWLRQ
$QGLWV&RQVHTXHQFHV([SHULPHQWDODQG&RPSXWDWLRQDO0HWKRGVIRU3UHGLFWLRQV
WK±WK1RYHPEHU,VWDQEXO7XUNH\

&RUUHVSRQGLQJDXWKRUHPDLO1RUL\XNLVDVDNL#VWUDWKDFXN
$IWHUWKLVIRUHPRVWVHFWLRQLIZHPRYHIXUWKHUFORVHWR
WKHSURSHOOHUSODQHDQGORRNLQWRWKHIORZYHORFLW\LWLV
FOHDU WKDW WKH *$7(58''(5 LQGXFHV WKH YHORFLW\
FKDQJHWKHLQUXGGHUEODGHVDVVXFKWKH9VKDSHGZDNH
SDWWHUQ JUHHQ WR EOXH LV FKDQJHG WR 7VKDSHG ZDNH
SDWWHUQE\WKHHIIHFWRIWKH*$7(58''(57KLVPD\
EHPRUHDGYDQWDJHRXVIURPWKHSURSHOOHUFDYLWDWLRQDQG
QRLVHSRLQWRIYLHZDVZHFDQVHHWKHGLIIHUHQFHRIWKH
FLUFXPIHUHQWLDOYHORFLW\GLVWULEXWLRQVIRUERWKFDVHVQHDU
WKH SURSHOOHU SODQH ' GRZQVWUHDPDV VKRZQ LQ
)LJXUH

)LJXUH:DNHGLVWULEXWLRQQHDUWKHSURSHOOHUSODQH
IRUGLIIHUHQWUXGGHUFRQILJXUDWLRQV

&21&/8',1*5(0$5.6

%DVHGXSRQWKHDQDO\VLVRIWKHUHVXOWVREWDLQHGIURPWKH
PRGHOWHVWV&)'VLPXODWLRQVDQGWKHIXOOVFDOHGDWDRI
WZRFRQWDLQHUYHVVHOVIXUWKHULQYHVWLJDWLRQLVFRQGXFWHG
RQ WKH SURSXOVLYH HIILFLHQF\ DQG WKH DVVRFLDWHG
SURSHOOHUKXOOUXGGHU LQWHUDFWLRQ SDUDPHWHUV RI D VKLS
ILWWHGZLWKWKH*$7(58''(5SURSXOVLRQV\VWHPLQ
FRPSDULVRQ ZLWK WKRVH RI WKH FRQYHQWLRQDO UXGGHU
SURSHOOHUDUUDQJHPHQW7KHLQYHVWLJDWLRQLQGLFDWHGWKDW

 7KUXVWGHGXFWLRQSDUDPHWHURIDKXOOZLWKWKH
*$7(58''(5V\VWHPFDQEHUHSUHVHQWHG
E\WKHIROORZLQJVLPSOHIRUPXOD
 ݐீ ൌ ݐ஼ ൈ ଵܶଵܶ൅ ଶܶ൅ ଷܶ െ ߜݐ
ZKHUH7LVWKHSURSHOOHUWKUXVW7DQG7LV
WKHWKUXVWJHQHUDWHGE\HDFKUXGGHUEODGHVRI
WKH *$7( 58''(5 DUUDQJHPHQW ZKLOHߜݐ LV WKH FRQWULEXWLRQ RI UHJXODWHG IORZ LI
H[LVWV

 (IIHFWLYH ZDNH RI D KXOO ZLWK WKH
*$7(58''(5 SURSXOVLRQ V\VWHP LV
H[SHFWHG WR EH ODUJHU WKDQ WKDW RI D
FRQYHQWLRQDO UXGGHUSURSHOOHU DUUDQJHPHQW LI
WKH*$7(58''(5LVGHVLJQHGSURSHUO\

7KLV LQ WXUQ UHTXLUHV WKDW WKH SURSHOOHU
HIILFLHQF\ VKRXOG EH FDOFXODWHG EDVHG RQ WKH
FRUUHFWHIIHFWLYHZDNHZKLFKLVGLIIHUHQWIURP
WKDW WREHREWDLQHGE\ WKH WKUXVW .7 LGHQWLW\
PHWKRG

 7KH ZDNH GLVWULEXWLRQ LQ WKH SURSHOOHU SODQH
FDQ EH LPSURYHG E\ *$7( 58''(5 E\
FKDQJLQJ WKH IORZ ILHOG DW XSSHU RI VWHUQ LQ
IURQWRIWKHSURSHOOHU
,WVHHPVWKDWDVLPXODWHGWZRGLPHQVLRQDOZDNH
VFUHHQLVQRWHQRXJKWRHYDOXDWHWKHFDYLWDWLRQ
DQGQRLVHRI*$7(58''(5V\VWHPEHFDXVH
RI GLIIHUHQW WUHQG RI LQWHUDFWLRQ DPRQJ KXOO
SURSHOOHUDQGUXGGHUDVVKRZQLQ)LJXUHUHG
VTXDUHSDUW


Z&ZE^

&DUOWRQ-0DULQHSURSHOOHUDQGSURSXOVLRQ
UG(GLWLRQ
6DVDNL1$WODU0DQG.XULED\DVKL6
7KHQHZKXOOIRUPZLWKWZLQUXGGHUVXWLOL]LQJGXFW
HIIHFWV-0DU6FL7HFKQRORJ\
6DVDNL1$WODU0DQG.XULED\VKL6
$GYDQWDJHRIWZLQUXGGHUV\VWHPZLWKDV\PPHWULF
ZLQJVHFWLRQDVLGHDSURSHOOHU-RXUQDORI0DULQH
6FLHQFHDQG7HFKQRORJ\
7XUNPHQ6&DUFKHQ$6DVDNL1DQG$WODU0
$QHZHQHUJ\VDYLQJWZLQUXGHUV\VWHP
,QWHUQDWLRQDO&RQIHUHQFHRQ6KLSSLQJLQ&KDQJLQJ
&OLPDWHV1RY*ODVJRZ
6DVDNL1.XULED\VKL6$VDXPL1)XND]DZD
01RQDND77XUNPHQ6$WODU00HDVXHPHQW
DQGFDOFXODWLRQRIJDWHUXGGHUSHUIRUPDQFH$07¶
*ODVJRZ




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